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phenotype, apoptosis, is essential to ensure and maintain
the life of multicellular organisms. If it is absent or dysre-
gulated, embryogenesis is aborted or impaired, tissue ho-
meostasis is interrupted and damaged or used-up cells are
not disposed. Thus, defaults of apoptosis are implicated in
numerous pathological conditions, ranging from degenera-
tive disorders to autoimmunity and cancer.
Apoptosis can either be triggered by so-called ‘‘death
receptors’’ on the cell surface or by various forms of stress,
such as a lack of cytokine/growth factor support and diverse
types of cellular damage. These apoptotic stimuli provoke,
in one way or the other, the activation of a set of previously
inactive death proteases, the caspases, which, via an ampli-
fying proteolytic cascade, cleave hundreds of substrates to
dismantle the cell. During periods of stress, the cell’s
decision to launch the cell death program relies primarily
on the Bcl-2 family of proteins. This family consists of Bcl-
2-like relatives that promote survival, and two structurally0167-4889/$ - see front matter D 2003 Elsevier B.V. All rights reserved
doi:10.1016/j.bbamcr.2003.11.003distinct relatives (Bax-like and BH3-only) which instead
elicit cell death. Through protein–protein interactions, these
opposing members integrate survival and death signals from
the environment to determine whether to condemn the cell
to its death demise or to endow it with the capacity to resist
and survive.
The last few years have seen an explosion of data
implicating increased permeability of the outer mitochon-
drial membrane as an early step of intracellular death
signalling. This mechanism allows apoptogenic factors
such as cytochrome c to be released into the cytosol
where they contribute to caspase activation. Because anti-
apoptotic members of the Bcl-2 family prevent increased
membrane permeability and protect cells from various
death insults, it has been assumed that Bcl-2 family
members primarily regulate mitochondrial integrity, and
that loss of this integrity is the crucial commitment step
to activate all relevant caspase activities. However, this
view is about to change as recent findings have shown
that apoptotic signalling can bypass mitochondria and
even occur independently of caspase activation, but still
be controlled by Bcl-2 family members. Thus, the Bcl-2
cohort must be capable of managing life-or-death deci-
sions at several intracellular sites, via more than one
mechanism and perhaps even in a cell-type-specific
manner.
Because of its central role in regulating various types of
apoptosis under physiological and pathological conditions,
the Bcl-2 family is the subject of the current review series.
We intend to provide an update on the tissue specificity of
the various members, with what partners they interact to
perform their functions, the intracellular sites on which they
act and what happens if they fail to execute their actions,
either by artificial deletion or by natural mutations. The
reviews can neither cite all the work that has contributed to
the current knowledge on the Bcl-2 family, nor consider the
very recent findings that are published every day. However,
we hope that they deliver a comprehensive picture of what
we currently know about the most important life-or-death
managers of the cell.
The review series starts with the current knowledge of
how Bcl-2 family members control the cell death program
that was first genetically identified in the lower eukaryote C.
elegans and other species (Drosophila) (Igaki and Miura).
We will then be confronted with the complexity of the Bcl-2
Preface72family in higher eukaryotes and first discuss the structural
aspects which have greatly helped to understand the pro-
tein–protein interactions and the putative functions of some
of the members (pore formation) (Petros et al.). This is
followed by the current view on how the various members
are targeted to their intracellular sites of action (Schinzel et
al.). This sets the stage to discuss the mode of actions of the
Bcl-2 family on both mitochondria (Sharpe et al.) and
extramitochondrial sites (Annis et al.) as well as how they
control death receptor (Sprick and Walczak) and caspase-
independent death signalling (Donovan and Cotter). Two
reviews deal with an additional function of the anti-apopto-
tic relatives of the family, namely how they control compo-
nents of growth factor signalling (Rapp et al.) and
proliferation (Bonnefoy-Berard et al.). With the basic mech-
anisms in mind, we then summarize the significance of Bcl-
2 family members in various physiological contexts such asimmunity (Droin and Green), neuronal development (Akh-
tar et al.) and germ cell development (Kim and Tilly). This
will also include the current knowledge about how defective
regulation of the family members may contribute to various
diseases in these systems (Sorenson) such as autoimmunity,
leukemia, immunodeficiency, neurodegeneration and infer-
tility. Finally, it is presented how the actions of Bcl-2 family
members are subverted by viruses to exert a survival advan-
tage (Polster and Hardwick) and how the members might be
implicated in tumorigenesis (Kirkin et al.) and be potential,
future targets for anti-cancer treatments (Juin et al.).
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